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Abstract 

Background: Malaria intermittent preventive treatment of malaria in infant with sulphadoxine-pyrimethamine (IPTi- 
SP) reduced the incidence of malaria and anaemia by 30% and 20% respectively. The strategy is now a 
recommended policy for malaria control. However, there was no published study on the impact of the strategy on 
mortality. The present study assessed the impact of the implementation of IPTi-SP in health services in Mali on all- 
cause mortality. 

Methods: The 22 health sub-districts of the district of Kolokani were randomized at a 1:1 ratio to either receive 
IPTi-SP or to serve as a control. The IPTi-SP was implemented for two years starting December 2006. Information 
on births and deaths through 31 March, 2009 was collected on all children who reached four months of age on 
1 December, 2006, likely to be exposed to the intervention in 75 localities randomly selected in each zone. 

Results: A total of 5,882 children (2,869 from the intervention zone and 3,013 from the nonintervention zone) who 
reached four months of age between 1 December, 2006 and 1 December, 2008 were surveyed between the age 
of four months to the age of 18 months from 1 December, 2006 to 31 March, 2009. In the cohort of four to 18 
months of age, the mortality rate per 1,000 children was 2.53 in the intervention zone compared to 3.46 in the 
nonintervention zone, gender and season adjusted mortality rate ratio (MRR) = 0.73 (95% CI 0.55-0.97, p = 0.029). In 
the cohort of the four to 12 months of age, mortality rates per 1,000 children were 2.22 in the intervention zone 
and 3.13 in the non-intervention zone, MRR = 0.71 (95% CI 0.49-1.02, p = 0.064) adjusted for gender and season. 

Conclusion: The implementation of the IPTi-SP resulted in a substantial reduction in all-cause mortality in children. 
The results of this study support the adoption and the implementation of IPTi-SP as malaria control strategy. 
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Background 

It is estimated that about one million of people in sub- 
Saharan Africa died directly from malaria in 2008, of 
which 800,000 were children under five years [1]. The 
numbers are higher if indirect contribution of malaria is 
taken into account [2,3]. In the absence of licensed vac- 
cine against malaria, intermittent preventive treatment of 
malaria in infants (IPTi) consisting of the administration 
of a curative dose of sulphadoxine -pyrimethamine (SP) at 
the time of EPI vaccination (DTP2, DTP3 and measles 
vaccine) regardless of the presence of symptoms or infec- 
tion was developed to reduce the burden of malaria. Ran- 
domized control studies have shown that the strategy 
reduced the incidence of malaria by 30% and the inci- 
dence of anaemia by 20% [4]. The strategy is now recom- 
mended as policy for malaria control in infants in areas 
of moderate or high malaria transmission and where the 
resistance to SP is low [5]. However, there was no pub- 
lished study on the impact of the strategy on the mortal- 
ity. The sample size and the duration of follow-up of 
initial studies, which assessed the efficacy of the strategy 
on the clinical episodes, did not allow the assessment of 
its efficacy on mortality. The pilot implementation of 
IPTi in health services in Mali offered an opportunity to 
address this question. The objective of the present study 
was to assess the impact of IPTi implementation in 
health services in Mali on the mortality in the targeted 
population. 

Methods 

Study site 

The study was conducted in the district of Kolokani, 
Mali. The district covers 14,380 km 2 , divided into 22 
health sub-districts. Each health sub-district covers sev- 
eral villages (average of 13 villages/health sub-district). 
The total population was 208,317 inhabitants with chil- 
dren under one year of age representing about 4% of the 
total population. Malaria is hyperendemic in the region 
with parasite prevalence in children under five years of 
45% during the dry season and above 70% during the 
rainy season [6]. Each sub-district was managed by a phy- 
sician or a nurse assisted by other nurses. The district 
hospital located in Kolokani is the reference centre for 
the 22 heath sub-districts. A team composed of physi- 
cians, midwives, nurses and managers ensure the activ- 
ities at the district heath centre and the coordination and 
supervision of the activities in the health sub-districts. 

Study participants and design 

The study was a cluster randomized trial. The 22 health 
sub-districts were randomized in a 1:1 ratio with the 
intervention in 11 health areas and the other 11 serving 
as controls for the assessment of the impact of IPTi 



implementation on the mortality. The intervention con- 
sisted of the administration of a half tablet of SP along 
with EPI vaccines: second and third dose of the DTP at 
the age of three and four months respectively and 
measles and yellow fever vaccines at nine months of 
age. The implementation started in December 2006 
after the training of the health personnel and provision 
of SP to the health centres. This implementation was 
co-supervised by the Malaria Research and Training 
Center (MRTC) of the University of Bamako and the 
district health services through December 2007. The 
implementation continued in the intervention zones 
through December 2008 under the supervision of the 
health services. Sulphadoxine-pyrimethamine used dur- 
ing the second year was provided by UNICEF to the dis- 
trict health services. A cross-sectional survey conducted 
after one year of the implementation in December 2007 
found that 77% of children who received the EPI vac- 
cines also received the IPTi-SP in the intervention zone 
while this proportion was less than 3% in the non-inter- 
vention zone [7]. The impact of the implementation on 
all-cause mortality was assessed in April 2009 using a 
cross-sectional survey. UNICEF was not involved with 
this evaluation of the effect on mortality. 

Sample size and sampling 

Using an approximation of arc-sinus transform formula, 
assuming an expected mortality rate of 106 for 1,000 per- 
son-months in children aged four to 18 months, to detect 
a 30% difference in mortality between the two zones with 
an alpha error of 5% and a power of 80%, about 1,263 sub- 
jects in each zone were needed if a simple random sam- 
pling method was used. Assuming a cluster effect of 1.5, 
taking into account the cluster sampling and a proportion 
of missing data of 5%, a total of 1,995 subjects per zone 
were needed. With a total population estimated at 214,509 
inhabitants and a proportion of children aged four to 18 
months of 4% (8,580) about half the total population (i.e. 
half the localities in the district) was to be surveyed. 

A total of 150 localities were randomly selected and 
each household was visited. A simple questionnaire was 
designed and used collect information in all the chil- 
dren, who reached age of four months between 1 
December, 2006 and 1 December, 2008 (born between 1 
August, 2006 and 1 August, 2008) likely to be exposed 
to the intervention between 1 December, 2006 and 31 
December, 2008. Data were collected by interview and 
using the child's birth certificate, vaccination card or 
mother antenatal consultation records. Information col- 
lected include the locality, the sub-district, the com- 
pound, the household number and subject number in 
the household, date of birth, vital status (died or not) 
and date of death if applicable. 
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Data management and analysis 

Data were collected on forms, were transferred in 
Bamako and double entered using Microsoft Access and 
reconciled. Statistical analysis was performed using Stata, 
version 10 (Houston Texas, USA). The primary endpoint 
was the all-cause mortality between 1 December, 2006 
and 31 March, 2009 in children aged four to 18 months 
(cohort 1). The secondary endpoint was the all-cause 
death rate between 1 December, 2006 and 31 March, 
2009 in children aged four to 12 months (cohort 2). 
Cohort 2 was included in cohort 1. The death rates in the 
two zones were compared using Fischer exact test. Cox 
regression model adjusted for gender and stratified by tri- 
mester was used to adjust for the potential effect of the 
transmission season and gender. The starting point was 
the date of age of four months (to start the exposition to 
the intervention) and the ending point was either: i) the 
date of age of 18 months or 12 months for cohort 1 and 
cohort 2 respectively, or ii) date of death, or iii) 31 
March, 2009. The duration of follow-up (period at risk) 
for each subject was the number of days between the 
starting and the ending points. 

Ethical considerations 

Initial and successive amendments of the protocol were 
examined and approved by the Ethical Committee of the 
Faculty of Medicine, Pharmacy and Dentistry of the Uni- 
versity of Bamako. Informed consents were obtained 
from parents prior to interview. 

Results 

A total of 5,882 children that reached four months of age 
between 1 December, 2006 and 1 December, 2008 in the 
study area were surveyed, including 2,869 from 75 local- 
ities in the intervention zone and 3,013 from 75 villages in 
the non-intervention zone. The gender distribution was 
similar between the two zones (50.5% in the intervention 
zone and 51.6% in the non-intervention zone were male, 
p = 0.43). The exact date of death was unknown for two 
subjects (a boy in the intervention zone born on 15 Febru- 
ary, 2007 and a girl born on 10 January 2008, in the non- 
intervention zone) who were excluded from the analysis. 

Among the 5,880 children, 198 died at the age of four 
to 18 months and 119 died at the age of four to 12 
months. Of the children who died at age of four to 18 
months, 86 (2.86%) lived in the intervention and 112 
(3.91%) lived in the non-intervention zone (Fischer exact 
test; two sided p-value p = 0.030). Of those who died at 
the age of four to 12 months, 51 (1.69%) lived in the 
intervention zone and 68 (2.37%) lived in the non-inter- 
vention zone (Fischer exact test; two sided p-value p = 
0.078). The mortality rate, mortality rates ratios and 
reduction in mortality are presented in Table 1. In the 
cohort of four to 18 months of age, the mortality rate per 



1,000 children was 2.532 in the intervention zone com- 
pared to 3.456 in the nonintervention zone, gender- 
adjusted mortality rates ratio (MRR) = 0.73 (95% CI 0.55- 
0.97, p = 0.029). In the cohort of the four to 12 months 
of age, mortality rates per 1,000 children were 2.223 in 
the intervention zone and 3.126 in the non-intervention 
zone, adjusted for gender of MRR = 0.71 (95% CI 0.49- 
1.02, p = 0.64). The curves of the Kaplan-Meier survival 
estimates of time to death in children from four months 
shows significant difference in survival between the two 
zones (p <0.001) (Figure 1) 

Discussion 

This study estimated the effect of two years of IPTi imple- 
mentation on mortality in children and has found a reduc- 
tion in all-cause mortality by 27% and 29% in children 
four to 18 months of age and those of four to 12 months 
of age, respectively. Use of insecticide-impregnated bet 
nets (ITN) for malaria control in endemic areas was asso- 
ciated with a reduction of 17% in all-cause mortality [8]. 
The implantation of IPTi along with EPI resulted in a 
reduction in all-cause mortality greater than the reduction 
provided by ITN, a current recommended strategy for 
malaria control. 

Demonstrating the effect of a malaria control strategy on 
malaria specific mortality has always been difficult due to 
the requirement of large sample size and factors that can 
confound the relationship between the intervention and 
the malaria-specific mortality. For example, the impact of 
the use of the ITN on malaria-specific mortality could not 
be demonstrated initially in individual, large, randomized 
control trials [9,10], but only in the meta-analysis studies 
[8,11]. Attributing a death to malaria is difficult as the 
current indirect methods, such as verbal autopsies, lack 
sensitivity and specificity [12]. The effect of a malaria 
intervention on all-cause mortality was reported in pre- 
vious studies [9,13,19]. Although, it requires a larger num- 
ber of subjects than malaria-specific mortality assessment, 
there is no issue of sensitivity or the specificity when asses- 
sing it. For these reasons, the objective of the present 
study was limited to the assessment of the impact of the 
IPTi implementation on all-cause mortality. Additional 
reason for focusing on this objective was the fact that the 
data were collected retrospectively and far from the events, 
which made it difficult to accurately assign the cause of 
the death (including when verbal autopsy methods were 
used). 

In the present study, the reduction in all-cause mortal- 
ity may be due to a combination of both the direct and 
indirect effect of the IPTi on malaria and the indirect 
effects on other causes of death. Previous evaluations 
have shown that the implementation of IPTi has resulted 
in a significant increase in coverage of EPI vaccines, an 
increase that was more marked in the intervention zone 
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Table 1 Mortality rates, mortality rates ratios and reductions in mortality in the two cohorts in the intervention and 
non-intervention zone 





Cohort 1 (4-18 months of age) 






Cohort 2 (4-12 months of age) 




IPTi-SP 


Control 






IPTi-SP 


Control 


Death 


86 


112 






51 


68 


Person-days 


1,018,825 


971,905 






688,294 


652,688 


Mortality rate per 1000 children 


2.532 


3.456 






2.223 


3.126 


Unadjusted RR (95% IC) 


0.73 (0.55-0.98) 




0.71 (0.48 


-1.04) 






P 


0.030 




0.066 








Adjusted* RR (IC 95%) in Cox model 


0.73 (0.55-0.97) 




0.71 (0.49 


-1.02) 






p* (two-sided) 


0.029 




0.064 








Reduction in mortality* (%) 


27 (3-45) 




29 (0-49) 









* adjusted for gender in Cox model 



[7]. The higher increase in vaccine coverage in the inter- 
vention zone may have contributed to the increase in 
child survival in these areas. Previous studies have shown 
that Bacille Calmette-Guerin (BCG) vaccination and 
measles vaccination have strong beneficial effect on child 
survival [14-16]. It is also known that a substantial part 
of the mortality due to malaria is not directly attributable 
to malaria (i.e., indirectly attributed to malaria) [17] and 
results of adequately executed malaria control or elimina- 
tion programmes could exceed expectations due to 
decreased indirect malaria mortality [18-20]. Malaria 



infections may alter the capacity to survive other affec- 
tions for example through chronic anaemia and enhance- 
ment of the severity of other childhood diseases. 

IPTi has now been adopted by the WHO as a policy 
for malaria control despite the lack of data on the 
impact of the strategy on mortality [5,21,22]. 

This study has two major strengths. First, it is a ran- 
domized controlled study, which ensures the compar- 
ability between the two arms. Second, the IPTi was 
implemented within the health care system, better 
reflecting the environment in which the strategy will be 
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implemented. Although the data were collected by indi- 
viduals not involved in the implementation and who 
were not aware if a locality was in the intervention or 
non-intervention zone, it is difficult to rule out the pos- 
sibility of observer bias, since it would be easy to find 
out if a locality was in the intervention or non interven- 
tion zone. The mortality rate observed in the present 
study was lower than expected (40.8 per 1,000 in the 
non-intervention zone compared to 106 per 1,000 at the 
national level according to the national health survey) 
resulting in relatively lower power and wider confidence 
intervals. Reassuringly, the mortality rates in this study 
are consistent with those reported elsewhere in the 
West African region [14,23,24]. Another limitation of 
the study is the relatively shorter period of the interven- 
tion (two years). It is possible that the impact of the 
strategy on the mortality increases with the duration of 
the intervention (for example, reduction in the malaria 
parasite carriage leading to a reduction in the transmis- 
sion). It is therefore important that the impact of the 
implementation of the strategy continue to be moni- 
tored over longer periods of time during the implemen- 
tation of the strategy as policy. 

Conclusion 

The implementation of the IPTi has resulted in a 27% 
reduction of the all-cause mortality in children aged 
four to 18 months. The results of this study support the 
adoption of IPTi as malaria control strategy and its 
implementation as a tool for malaria control. 

Acknowledgements 

We are very grateful to the parents of the children who participate into the 
study and the staff of district and community health Centers of Kokokani, 
Mali. The IPTi implementation was funded by the Bill and Melinda Gates 
Foundation to UNICEF in support of the IPTi Consortium (http://www.ipti- 
malaria.org). The assessment of the effect of the IPTi on all-cause mortality 
was funded by Institut de Recherche Biomedicale des Armees IRBA - ex- 
IMTSSA &amp;amp;amp;amp; UMR6236-URMITE, Marseille, France. 

Author details 

1 Malaria Research and Training Center, Faculty of Medicine Pharmacy and 
Dentistry, University of Bamako, P.O. Box 1805, Bamako, Mali, department of 
Public Health, Faculty of Medicine Pharmacy and Dentistry, University of 
Bamako, P.O. Box 1805, Bamako, Mali. 3 lnstitut de Sante Publique, 
d'Epidemiologie et de Developpement, Universite Victor Segalen Bordeaux 2, 
Case 11 146 Rue Leo Saignat, Bordeaux Cedex 33076, France. 4 lnstitut de 
Recherche Biomedicale des Armees IRBA-ex-IMTSSA & UMR6236-URMITE, 
Allee du Medecin colonel Jamot, Pare du Pharo, BP60109, 13262 Marseille 
cedex 07, France. 5 lnstitut Pasteur de Madagascar, B.P. 1274, 101, 
Antananarivo, Madagascar. 

Authors' contributions 

AD, OD, JT, RS, CR conceived and designed the study. AD, OD, MK, DT 
planned, organized, supervised the collected data. Data were analysed by 
AD and CR. All authors read and approved the final manuscript 

Competing interests 

The authors declare that they have no competing interests. 



Received: 29 October 2011 Accepted: 16 March 2012 
Published: 16 March 2012 

References 

1. World Health Organization: World Malaria Report 2009 Geneva; 2009 [http:// 
www.who.int/malaria/publications/atoz/9789241563901/en/index.html], 
(assessed 20.06.2011). 

2. Geerligs PDP, Brabin BJ, Eggelte TA: Analysis of the effects of malaria 
chemoprophylaxis in children on haematological responses, morbidity 
and mortality. Bull World Health Organ 2003, 81:205-216. 

3. Greenwood B: The use of anti-malarial drugs to prevent malaria in the 
population of malaria endemic areas. Am J Trop Med Hyg 2004, 70:1-7. 

4. Aponte JJ, Schellenberg D, Egan A, Breckenridge A, Carneiro I, Critchley J, 
Danquah I, Dodoo A, Kobbe R, Lell B, May J, Premji Z, Sanz S, Sevene E, 
Soulaymani-Becheikh R, Winstanley P, Adjei S, Anemana S, 
Chandramohan D, Issifou S, Mockenhaupt F, Owusu-Agyei S, Greenwood B, 
Grobusch MP, Kremsner PG, Macete E, Mshinda H, Newman RD, Slutsker L, 
Tanner M, Alonso P, Menendez C: Efficacy and safety of intermittent 
preventive treatment with sulfadoxine-pyrimethamine for malaria in 
African infants: a pooled analysis of six randomised, placebo-controlled 
trials. Lancet 2009, 374:1533-1542. 

5. WHO: Policy recommendation on Intermittent Preventive Treatment 
during infancy with sulphadoxine-pyrimethamine (SP-IPTi) for 
Plasmodium falciparum malaria control in Africa.[http://www.who.int/ 
malaria/news/WHO_policy_recommendation_IPTi_032010.pdf], (assessed 
24.10.2010). 

6. Dicko A, Sagara I, Djimde AA, Toure SO, Traore M, Dama S, Diallo Al, 
Barry A, Dicko M, Coulibaly OM, Rogier C, de Sousa A, Doumbo OK: 
Molecular markers of resistance to sulphadoxine-pyrimethamine one 
year after implementation of intermittent preventive treatment of 
malaria in infants in Mali. Malar J 2010, 10(9):9. 

7. Dicko A, Toure SO, Traore M, Sagara I, Toure OB, Sissoko MS, Diallo AT, 
Rogier C, Salomon R, de Sousa A, Doumbo OK: Increase in EPI vaccines 
coverage after implementation of intermittent preventive treatment of 
malaria in infant with Sulfadoxine-pyrimethamine in the district of 
Kolokani, Mali: results from a cluster randomized control trial. BMC Public 
Health 2011, 11:573. 

8. Lengeler C: Insecticide-treated bed nets and curtains for preventing 
malaria. Cocchrane Database Syst Rev 2004, 2:CD000363. 

9. D'Alessandro U, Olaleye BO, McGuire W, Langerock P, Bennett S, Aikins MK, 
Thomson MC, Cham MK, Cham BA, Greenwood BM: Mortality and 
morbidity from malaria in Gambian children after introduction of an 
impregnated bednetprogramme. Lancet 1995, 345:479-483. 

10. Binka FN, Kubaje A, Adjuik M, Williams LA, Lengeler C, Maude GH, 
Armah GE, Kajihara B, Adiamah JH, Smith PG: Impact of permethrin 
impregnated bednets on child mortality in Kassena-Nankana district, 
Ghana: a randomized controlled trial. Trop Med Int Health 1996, 1:147-154. 

11. Eisele TP, Larsen D, Steketee RW: Protective efficacy of interventions for 
preventing malaria mortality in children in Plasmodium falciparum 
endemic areas. Int J Epidemiol 2010, 39(Suppl 1):i88-101. 

12. Snow RW, Armstrong JR, Forster D, Winstanley MT, Marsh VM, Newton CR, 
Waruiru C, Mwangi I, Winstanley PA, Marsh K: Childhood deaths in Africa: 
uses and limitations of verbal autopsies. Lancet 1992, 340:351-355. 

13. Nevill CG, Some ES, Mung'ala VO, Mutemi W, New L, Marsh K, Lengeler C, 
Snow RW: Insecticide-treated bednets reduce mortality and severe 
morbidity from malaria among children on the Kenyan coast. Trop Med 
Int Health 1996, 1:139-46. 

14. Velema JP, Alihonou EM, Gandaho T, Hounye FH: Childhood mortality 
among users and non-users of primary health care in a rural west 
African community. Int J Epidemiol 1991, 20:474-479. 

15. Kristensen I, Aaby P, Jensen H: Routine immunizations and child survival 
in Guinea-Bissau, West-Africa. BMJ 2000, 321:1435-1438. 

16. Roth A, Gustafson P, Nhaga A, Djana Q, Poulsen A, Garly ML, Jensen H, 
Sodemann M, Rodriques A, Aaby P: BCG vaccination scar associated with 
better childhood survival in Guinea-Bissau. Int J Epidemiol 2005, 
34:540-547. 

17. Snow RW, Korenromp EL, Gouws E: Pediatric mortality in Africa: 
Plasmodium falciparum malaria as a cause or risk? AmJTrop Med Hyg 
2004, 71(Suppl):16-24. 

18. Molineaux L: Malaria and mortality: some epidemiological considerations. 

Ann Trop Med Parasitol 1997, 91:81 1-825. 



Dicko et al. Malaria Journal 2012, 11:73 
http://www.malariajournal.eom/content/1 1/1/73 



Page 6 of 6 



19. Shanks GD, Hay SI, Bradley DJ: Malaria's indirect contribution to all-cause 
mortality in the Andaman Islands during the colonial era. Lancet Infect 
Dis 2008, 8:564-570. 

20. Steketee RW, Campbell CC: Impact of national malaria control scale-up 
programmes in Africa: magnitude and attribution of effects. Malar J 
2010, 9:299. 

21. Institute of Medicine: Assessment of the Role of Intermittent Preventive 
Treatment for Malaria in Infants. Letter Report [http://www.iom.edu/CMS/ 
3783/48783/561 7.aspx], (assessed 20.06.2011). 

22. Report of the Technical Expert Group (TEG) Meeting on Intermittent 
Preventive Therapy in Infancy (IPTi), Geneva. 2007, 8-1 0[http://malaria. 
who.int/docs/IPTi/TEGConsultlPTiOct2007Repoft.pdf], (assessed 20.06.201 1). 

23. Ndugwa RP, Ramroth H, Muller O, Jasseh M, Sie A, Kouyate B, 
Greenwood B, Becher H: Comparison of all-cause and malaria-specific 
mortality from two West African countries with different malaria 
transmission patterns. Malar J 2008, 7:15. 

24. Becher H, Kynast-Wolf G, Sie A, Ndugwa R, Ramroth H, Kouyate B, Muller O: 
Patterns of malaria: cause-specific and all-cause mortality in a malaria- 
endemic area of west Africa. Am J Trop Med Hyg 2008, 78:106-1 13. 



doi:1 0.1 1 86/1 475-2875-1 1 -73 

Cite this article as: Dicko et al.: The implementation of malaria 
intermittent preventive trialtreatment with sulphadoxine- 
pyrimethamine in infants reduced all-cause mortality in the district of 
Kolokani, Mali: results from a cluster randomized control. Malaria Journal 

2012 11:73. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 

Submit your manuscript at (^\ RioMM i r pnt ^\ 

www.biomedcentral.com/submit Blomea ^ enirai 



